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SUMMARY
The objectives of this study were two—fold. Firstly, to make in
situ and associated laboratory measurements of soil physical properties
(hydraulic conductivity, bulk density and the desorption water capacity I
relationship) which govern the storage and transmission of water solutions.
Secondly, to characterize or represent these soil properties so that
they may be applied in the nitrogen and water transport simulation
program of D.R. Cameron g£_§l. (Project 13). It was assumed that the
hydraulic conductivity was the major property controlling transmission
of water and a number of attempts were made to measure this in both
watersheds. In Watershed AG—l3 the air-entry permeametermeasured
hydraulic conduCtivityabove the water table and temporarily installed
piezometers wereused below. In Watershed AG-l the crust—top permeameter
was used in conjunction with the air-entry permeameter to determine
hydraulic conductivity. The water storage properties of the soil in
both watersheds were measured from soil cores taken to the laboratory.
In Watershed AG—l the shrinking and cracking of the clay soil meant that
cracks played an important role in the transmission of water. Infiltration
experiments were conducted to assess when soil cracks conduct water.
In general the air entry permeameter and piezometer techniques used
in Watershed AG—13 have given consistent and reproducible hydraulic
conductivity data. Likewise the desorption water capacity relationships
complemented the hydraulic conductivity trends. The changes in soil
water properties with location in the watershed were related to the
different soil series mapped. The tables and figures displaying these
data represent a first step analysis and evaluation of them as tools for
characterizing the water storage and flow processes Operative in the
soil of the watershed. The next step in the characterization process
depends on the use of these data in the water transport model used in
Project 13 (Nitrogen Transport — D.R. Cameron 2; al. 1977).
The data presented for Watershed AG—l can be used as estimates or
limits for the hydraulic conductivity. The desorption water capacity
rela
tion
ship
s sh
owin
g a
high
er d
egre
e of
cons
iste
ncy
can
perh
aps
be u
sed
directly for characterizing the soil. The degree to which these soil
properties for Watershed AG—l adequately represent how the soil responds
depends on their use and testing in the model of Project 13 (D.R. Cameron
g£_al, 1977).
  
The data obtained in Watershed AG—l have a number of limitations
for their use in characterizing the water storage and transmission
properties of the soil. MEasurements of water flow in the clay soils
were difficult and time consuming and too few data were often obtained.
The data obtained were mainly for the surface soil because the sub—soil
usually remained too wet for measurement except in the latter part of
the summer. The cracking of the clay soil and the resultant bi—modal
(in—crack and inter-crack) flow system was virtually impossible to
characterize adequately. However, the infiltration experiments on the
cracked soil showed that water infiltrating the cracks can be detected
and thus a start was made at showing the role of cracks during infiltration.
The results of this project cannot be related directly to PLUARG
objectives except in a very general way. This project was intended to
provide data to the nitrogen model of Project 13 (D.R. Cameron g£_§1,).
The majority of the data obtained in Watershed AG—13 has been evaluated
and used in the water transport model of Project 13. Much of the data
from Watershed AG—l, however, has only recentlybeen reduced to useable
and interpreted form. As a result they have not been incorporated or
applied in Project 13. Thus the objectives of providing data to Project
13 has not been met in this respect.
The results of measurements on Watershed AG-l indicate that cracks
are indeed very important to the movement of water in the clay soil. In
this case rainfall rates in excess of l mm/hr after 1 cm has fallen will
contribute to flow in cracks. Any pollutantappearing in the rain or at
the soil surface could be carried to the cracks. The volume of cracks
and the interconnectivity between cracks and/or with the sub-surface
drainage network was not assessed. Additional information from related
studies would need to be collected to determine whether cracks in clay
soils are a significant source of pollutants to surface waters. The
scope of this project did not include its assessment relative to PLUARG
objectives except by way of Project 13.
 
 INTRODUCTION
The objectives of this study were two-fold.
Firstly, to make in
situ and associated laboratory measurements of soil physical properties
(hydraulic conductivity, bulk density and the desorption water capacity
relationship) which govern the storage and transmission of water solutions.
Secondly, to characterize or represent these soil properties so that
they may be applied in the nitrogen and water transport simulation
program of D.R. Cameron gt El. (Project 13).
The wide variation in soil
properties in the two watersheds meant that different field measurement
methods were used in each watershed. It was assumed that the hydraulic
conductivity was the major property controlling transmission of water
and a number of attempts were made to measure this in both watersheds.
In Watershed AG—l the shrinking and cracking of the clay soil meant that
’cracks played an important role in the transmission of water and additional
measurements were necessary. The water storage properties were measured
in the laboratory.
DATA COLLECTION METHODS
(a) Field Locations
The sites for field measurements were chosen in conjunction with
the choice of plots for Projects 13 (D.R. Cameron E£_al.) and 14 (R.W.
Gillham, personal communication). Two watersheds (AG—l tile—drained
Brookston clay and AG—l3 Berrien sandy loam) were studied. Three sites
were located in each watershed and numbered 1 through 6 as designated on
Figures 12-1, 12—2. The sites in Watershed AG-l3 were on (1) potato—
ryegrass (green manure) rotation, (2) tobacco—wheat (green manure)
rotation and (3) bean (soybeans 1975, green snap beans 1976) crops. In
Watershed AG—l the sites were on (4) winter wheat (not underdrained in
1975), corn 1976 (after installing underdrains), (5) corn 1975, soybeans
1976, (6) soybeans (not studied in 1976).
(b) Measurements of Hydraulic Conductivity
 
In Watershed AG—13 two methods were used for in_situ measurement of
saturated hydraulic conductivity. The air—entry permeameter (Topp and
Binns 1976) was used duringboth field seasons for measurements above
the water table. The depths at which measurements were madewere 7.5
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and infiltration trials in Watershed AG—l as indicated by the
 
numbered circles.
 
 cm, 35 cm, and below 60 cm but above the water table. The air-entry
permeameter (AEP) measured the rate of flow of water into the soil until
the wetting front reached a predetermined depth.
Through the application
of Darcy's law one obtained the hydraulic conductivity of the wetted
soil.
Temporarily inserted peizometers were used to measure hydraulic
conductivity below the water table during May and June 1976. This
technique has been described by Boersma (1965). The piezometer diameter
was 2 cm and was inserted directly with a tapered tip by hand—driving.
The length of the "screened well point" tip was either 2.5 or 10 cm.
Measurements with the piezometers were made from a depth of 100 cm to
150 cm. The rate of flow of water through the soil surrounding the
piezometer tip was measured by recording the rate of rise or fall of
water in the piezometer tube in relation to the pressure head and level
governed by the water table. Calculations applying Darcy's law to this
flow in cylindrical geometry yielded hydraulic conductivity of the soil
surrounding the piezometer tip.
In watershed AG—l the air—entry permeameterwas used and the results
confirmed by comparison with the crust—top permeameter (CTP) as described
by Bouma and Denning (1972). In the CTP procedure the rate of flow of
water through an applied plaster crust into a soil pedestal gave a
measure of the hydraulic conductivity immediately below the crust. The
crust acted as a resistance to water flow and the steady flow in the
soil took place at water contents less than saturation (i.e. at slightly
negative pressure heads).
The measurement of hydraulic conductivity in the clay soil was
extremely difficult and the number of data were very limited. The
permeameters required that the soil not be saturated for satisfactory
determinations. However, the Brookston clay soil begins cracking very
soon after desataration commences. Thus a very short period in early
summer before the soil begins to crack is all that is available for
measurements with the AEP. The CT? although applicable in cracked soil
is very time consuming. Consequently, measurments were made principally
in the cultivated zone (0-20 cm) with onlya selected number being made
below that; from 30 to 68 cm at site #4, and from 24 to 50 cm at site
#5.
(c) Measurements of Desorption Water Capacity Relationships
Following measurements of hydraulic conductivity with both permeameters
(AEP and CTP) a core of soil 7.6 cm diameter and 7.6 cm long was taken
by a hand operated device. Each core was taken from within the soil
contained in the permeameter cylinder. Several soil cores were also
taken in watershed AG—13 at depths to correspond to those of the piezometer
measurements. The soil cores were carefully enclosed in plastic bags
before being shipped to Ottawa for determination of the soil-water
desorption curves. The method used was based on that reported by Stakman
§£_§l, (1969) but improved for these measurements (Topp and Zebchuk
1978). The principle of the method was to establish good hydraulic
contact between one end surface of the soil core and a saturated porous
  
  
medium
set
at
a
particular
pressure
head.
After
sufficient
time
had
elapsed
for
the
soil
to
come
to
equilibrium
the
soil
was
weighed
and
the
procedure
repeated
at
a
lower
pressure
head.
The
range
of
pressure
‘
heads
used
was
0
to
—500
cm
of
water.
In
addition,
the
soil
was
sieved
after
drying
and
a
portion
used
to
measure
the
lS-bar
water
content.
(d)
An
Assessment
of
the
Role
of
Soil
Cracks
during
Infiltration
of
Water
In
Watershed
AG-l
the
development
of
cracks
in
the
soil
as
dehydration
occurred
each
summer
was
believed
to
be
important
in
the
transport
of
nutrients
from
at
or
near
the
soil
surface
into
cracks.
Under
conditions
of
sufficient
rain
these
nutrients
could
then
be
available
for
transport
to
the
tile—drain
network.
This
latter
hypothesis
was
not
checked
because
the
role
of
cracks
in
the
transport
of
water
and
nutrients
is
not
easily
assessed
nor
understood.
However
a
simple
experiment
was
undertaken
which
attempted
to
show
when
water
was
beginning
to
flow
in
the
cracks
as
a
result
of
a
simulated
rainfall.
The
experiment
consisted
of
three
infiltration
trials
at
each
of
site
#4
(corn)
and
site
#5
(soybeans)
in
mid—August
1976
after
cracks
were
well
established.
The
infiltration
trials
took
place
within
a
76
cm
diameter
region
enclosed
by
a
galvanized
steel
ring
which
was
hammered
4
cm
into
the
soil
leaving
6
cm
above
the
soil.
The
profile
of
water
content
with
depth
was
determined
at
four
locations
in
each
ring.
The
time
domain
reflectometry
method
(TDR)
described
by
Davis
25
El.
(1976)
was
applied
to
pairs
of.paralle1
rods
separated
by
5
cm
and
installed
vertically
in
the
soil.
Each
such
pair
of
rods
constituted
a
parallel
transmission
line
and
was
so
constructed
as
to
give
water
contents
over
the
depth
intervals
0
to
10
cm,
10
to
30
cm,
30
to
60
cm
and
60
to
110
cm.
In
this
technique
a
fast
rise-time
step-signal
is
transmitted
down
the
transmission
line
and
reflected
back.
The
time
of
travel
of
this
signal
along
the
transmission
line
depends
on
the
dielectric
constant
of
the
soils,
which
in
turn
depends
on
the
soil-water
content.
The
measured
dielectric
constants
are
converted
to
water
content
using
the
calibration
information
from
Davis
g£_al,
(1976).
The
four
transmission
lines
in
each
infiltration
ring
were
placed
as
follows:
one
in
the
soil
cracks,
one
near.the
soil
crack
(about
5
cm
away),
and
two
in
the
uncracked
portion
of
the
soil
body.
Measurements
of
soil-water
content
vs
depth
were
taken
once
before
any
infiltration,
five
times
during
infiltration
and
up
to
three
times
after
termination
of infiltration.
The
simulated
rainfall
was
applied
according
to
a
half
cycle
of
a
sine
function
with
time
where
a
total
of
2.5
cm
of
water
was
applied
over
a
four
hour
period.
The
rate
of
application
is
shown
in
Figure
12—
3.
This
pattern
and
amount
approximated
a
once
in
five
year
precipitation
event.
The
water
was
applied
in
measured
volume
increments
which
corresponded
to
15
minute
time
intervals.
The
simulated
rainfall
was
applied
in
a
fine
spray
from
a
hand
sprayer.
The
initial
increment
of
200
ml
contained
KCl
in
Solution
and
the
Cl-
ion
was
used
as
a
tracer
to
identify
where
nutrients
may
be
concentrated.
Soil
samples
were
taken
at
the
end
of
the
experiment
for
determing
the
pattern
of
Cl-
movement,
for
bulk
d
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Rate of application of water during infiltration
experiment 5 .
  
  
 
As a check on the results of this experiment it was possible to 1
estimate when water would begin to reach the cracks in two other ways:
1) by observing when free water appeared on the soil surface during
infiltration 2) through use of previously measured hydraulic conductivities,
initial water contents and assumptions concerning depth of penetration
of wetting fronts.
 
EXPERIMENTAL RESULTS
 
There appear to be two requirements in presenting these results: 1)
to provide detailed data for use by other participants e.g. Project 13, D.R.
Cameron 2; 31. and_2) to provide a summary of results for integrators
and general readers to assess the contribution of this project. Accord—
ingly, thedetailed data are presented in tabular form in the Appendix.
The summary results showing general findings are presented now.
(a) Hydraulic Conductivity and Desorption Water Capacity Relationships
for watershed AG-l3
The mean hydraulic conductivities for the three sites in Watershed
AG—13 are presented as a function of depth of measurement in Figure 12—
4. The data were grouped by depth and geometric means calculated for
each group. The line segments join the mean value for each site.
These data were derived from measurements made both by the air—
entry permeameter and the piezometer technique. The diagram indicates
trends both with depth and with location in the watershed. The hydraulic
conductivity tends generally to decrease with depth at all three sites.
This is in agreement with expectation and with findings in other localities.
Contrary to original expectation was the decrease in hydraulic conductivity
from site #1 to #2 to #3, as all were originally mapped as similar
soils.
The low hydraulic conductivity for site #1 at a depth of 110 cm is
now believed to be anomalous. It resulted from applying the piezometer
technique at depths too close to the level of the water table. Additional
data on soil from site #1 did not confirm these low valuesso the combin—
ation of the solid and the dotted line gives a better representation of
the hydraulic conductivity profile of site #1.
The desorption soil water capacity relationshipsconfirm the trends
of hydraulic conductivity with bothdepth and location in the watershed.
The water capacity relationships presented in Figures 12—5, 12—6, and
12-7 show changes in soil properties with depth at each site. All sites
show that the dominant pores are textural pores as indicated by the
rapid drop in water content at pressure heads (h) of -40 to —100 cm of
water. The decrease in water contents (9) at h = -150 to -500 cm of
water from the surface downward (Fig. 12—5) indicates the presence of
more larger pores at greater depths at site #1. This trend is not true
for sites #2 and #3 where the surface and greatest depths had similar
water capacity relationships.
Figure 12-8 summarizes the changes in pore sizes or water retention
properties with depth and with location in the watershed. The degree of
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Fig. 12—5:
Mean desorption soil water capacity relationships for site #1
in Watershed AG-l3.
The volumetric water content (9) was plotted against
pressure head (h) for four depth intervals to 1A0 cm.
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saturation or proportion of pores filled with water at h = -500 cm of
water is plotted against depth for the three sites. For site #1, as
depth increases the soil tends to hold less and less water at h = —500
cm of water. This indicates coarser and coarser pore structure with
depth. The other two sites showed a reversal of this trend below 90 cm
deep in site #2 and below 50 cm deep in site #3. This is an indication
that finer material is underlying sites #2 and #3 at these depths.
(b) Hydraulic Conductivity and Desorption Water Capacity Relationships
for watershed AG-l
The cracks in the clay soil in this watershed resulted in uncertain
measurements with the air-entry permeameter and comparisons between the
results with the air—entry permeameter and the crust-top permeameter are
presented in Figures 12-9, 12-10, 12—11, and 12-12. Both the saturated
and unsaturated hydraulic conductivity values (K) are plotted against
pressure head (h) on semi-log diagrams. The saturated K values from the
AEP measurements are plotted at h = 0 while the unsaturated K values are
plotted at the h values recorded during the measurement with the crust—
top permeameter. The unsaturated K values from the crust-top permeameter
can be extrapolated to h = 0. Thus lines were drawn by eye through the
data points to estimate a saturated K to compare with those from the air
entry permeameter measurements. In Figure 12-9 the 1975 and 1976 data
tended to be separate so individual lines were drawn for each season.
Data by both methods were obtained at site #4 at the depths shown in
Figures 12—9 and 12—10. The data for sites #5 and #6 were obtained from
the surface only (Figures 12-11 and 12-12).
In site #4 (Figs. 12-9 and 12—10) the unsaturated K's extrapolate
to lower saturated values than was measured with the air-entry permeameter.
Whereas in site #5 and #6 (Figs. 12—11 and 12-12) the extrapolated K
values at h = 0 fall within the range of values measured by the air-
entry permeameter.
There is a large amount of variability in the measured values of
hydraulic conductivity in this watershed. Comparing Figs. 12-9 and 12-
10 indicates that the hydraulic conductivity decreasedwith depth. This
trend was barely.confirmed at site #5 (see Table 12-3(b) — Appendix).
There does not appear to be any evident trend in hydraulic conductivity
from one site to another.
The desorption water capacity relationships for the soils from the
three sites in watershed #1 were similar both with depth in the profile
and with location in the watershed (see the Appendix for details). Fig.
12-13 shows the relationship of degree of saturation (S) to pressure
head (h) for three depths of sampling at site #5. The rapid drop in
saturation at or near h = 0 indicates the presence of structural pores
which drain very easily. However, these are generally less than 10% of
the pore space (S >9OZ). Even at h = -500 cm of water, over 80% of the
pores remain waterfilled indicating fine pores dominate the water capacity
relationship in this soil. The total pore space or bulk density of the
soil (see appendix) was determined at h = -500 cm of water.
The fact
that S is >IOOZ at h = 0 indicated that the soil was shrinking during
drainage to h = -500 cm of water.
4
;
 
I;
 
Watershed AG—l at 3—5 cm depth.
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(c)
Water Content Profiles observed during the Infiltration Experiments
in Watershed AG~l
The results of the infiltration experiments conducted at sites #4
and #5 in Watershed AG—l are presented as a series of profiles of water
content versus depth as the infiltration was taking place. Each curve
(Figures 12—14, 12—15, 12-16) is labelled with the time, in hours,
elapsed since the start of infiltration. At site #5 (soybeans crop)
there were definite differences among the water content profiles measured
away from the cracks, near the cracks and in the cracks. Figure 12—
14(a) shows that during the course of the experiment infiltration only
changed the water content of the top 10 cm of the soil well away from
the cracks. However, the soil near the cracks began to change water
content below 10 cm after about 2 hours of infiltration (Figure 12-
14(b)). This probably resulted from wetting taking place horizontally
Site Depth 1
5———-A O - 5 cm ﬂ
— 5————A 25—45 Cm 739100
4/]
5 0 48—85 cm ,8
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Fig. 12—13: Mean desorption soil water capacity relationships for
site #5 in watershed AG-l. The degree of saturation, as
a percentage, was plotted against pressure head (h) for
three depth intervals to 85 cm.
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Fig. 12—16: Volumetric water content (9) versus depth (Z) profiles obtained
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each line is the tile, in hours, from the beginning of infiltration.
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from the crack. The water contents profiles measured in the cracks
(Figure 12-15) showed no consistent pattern. Figure 12-15(b) shows that
rapid wetting took place below 10 cm between 1.5 and 2 hours after the
start of infiltration. This is an indication of when free water began
appearing in the soil cracks.
The summary of the results of the similar experiment conducted at
site #4 (corn crop) is presented in a similar manner in Figure 12—16.
There was a somewhat different pattern of wetting in this experiment at
site #4 compared to site #5. Figure 12—16(a) which combines results
from both near the cracks and away from the cracks shows that water
tends to be infiltrating to below 10 cm. In fact there appears to be
some water accumulating below 60 cm deep. Figure 12—16(b) shows that
considerably more water was measured in the 10 to 30 cm interval in the
cracks than for the same interval away fromthe cracks. In both cases
the major increase in water content below 10 cm took place after 1.5 hrs
of infiltration. This is again an indication of when free water began
flowing from the surface to the cracks.
DATA ANALYSIS AND INTERPRETATION
 
(a) Hydraulic Conductivity and Desorption Water Capacity Relationships
Watershed AG—13
The trend toward decreased hydraulic conductivity from site #1 to
site #3 (Figure 12-4) and the associated changes in water retention or
water capacity properties shown in Figure 12—8 can be related to currently
mapped soil series. Site #1 was mapped series 095 (Acton gt a1. 1978).
While sites #2 and #3 were identified as series 105 and 115, respectively.
The observation of finer textured soil from series 095 through 115
concurs with the decreased hydraulic conductivity fromsite #1 through
#3 (Figure 12—4). The presence of a finely bedded C horizon at or below
100 cm depth in the 105 series corresponds to change in water retention
properties shown in Figure 12—8 ingoing below 90 cm. In the 115 series
the calcareous C horizon usually occurs at a depth of 60-90 cm. A
similar change in trend in the water retention properties was measured
below 50 cm at site #3. This brief comparison indicates that the changes
in morphological properties in this watershed as observed by the soil
surveyor are reflected in the soil water properties measured here.
An analysis of the hydraulic conductivity data identified some of
the limitations of these data and the methods used to obtain them. The
hydraulic conductivity (K) verSus depth showed a large variation in K at
any particulardepth which has usually been observed for in situ measure-
ments. There was somewhat greater variability at the depths where the
piezometers were used. This may have resulted from the method itself,
as it was observed (see Tables 12-2(a), (b), (c) Appendix) that 782 of
the ratios K (r)/K(f) are >1, indicating that measurements using rising
head procedure tended to yield higher values of K. In a limited study
such as this there was no possibility of ascertaining which procedure
gave the more representative values. As a result all were used to
calculate mean values at each depth.
The ratios K (10)/K(2.5) showed a wide rangeof values from 0.1 to
49 with 70% being >1. ,This was an indication that the hydraulic conductivity
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in the horizontal
direction was
greater
than that
in the vertical
direction.
This
was
the
expected
result
since
the
soils
showed
evidence
of
horizontal
layering.
However,
with
the wide
variation in
the ratios
and
the
limited
number
of
data
points
it was
impossible
to
determine a
quantitative
relationship between horizontal and vertical hydraulic conductivities.
In general
it was
not possible
to make
measurements
at
the same
depth with
both
the
permeameter and piezometer
methods
to check
one
against
the other.
However,
the data
showed
generally good consistency
between
the methods.
All
three
sites
showed a
trend for
decreasing K
with depth.
From Figure 12-4 where mean hydraulic conductivities are plotted
against depth for the three sites, one can observe that the hydraulic
conductivity at all depths decreases from site 1 to 3 by about a factor
of 10 with site 2 being between.
If one ignores the anomalous low point
as discussed in the Results section and uses the dotted line in Fig.
12-
4,
there
is no
crossing of the
mean lines
at any
depth.
The amount of water held at h = —500 was progressively less with
increasing depth within the soil at site #1.
This indicated that with
increased
depth a higher proportion
of
the
pore
space
is made
up
of
larger pores
(Fig. 12—8).
This presumably would contribute to a higher
saturated hydraulic conductivity with depth which is contrary to what
was
observed.
The values
for hydraulic
conductivity measured
by
the
I University of Waterloo
(Project 14, personal communication) at greater
depths were at the high end of the range of our measured values at site
#1.
Thus
there
appears
to be
some
cause
to question
the low values
obtained
at
site
#1 by our
piezometer
technique.
Perhaps
the method of
insertion by pushing in the 2.5 cm diameter pipe behind a tapered point
increased the density of soil surrounding the well-point (tip) and
resulted in low values of hydraulic conductivity.
The desorption water capacity relationships from sites #2 and #3
(Figs.
12-6, 12~7)
indicated that the soils at greater depth in these
sites
retain
increased amounts
of water
at h = -500.
At
site #2
the
90
to
140 cm depth
retains water
similar
to the surface
soil while
the
two
intermediate depths retain less.
The intermediate depths at both sites
#1 and #2 had similar water capacity relationships.
In Figure 12-7 it
can be seen that the 50—85 cm depth is retaining even more water than
the surface soil does at h = -500.
From these observations one would
expect the hydraulic conductivity to decrease with depth in response to
the
changes in pore
size
distribution
as indicated
by
the desorption
water capacity relationships.
In general the techniques used in Watershed AG-13 have given consistent
and reproducible data on the major soil-water properties i.e.
saturated
hydraulic conductivity and desorption water capacity relationship.
The
tables and figures displaying these data represent a first step analysis
and evaluation of the data as tools for characterizing the storage and
flow processes operative in the soil of the watershed.
The next step in
the
characterization process
depends on
the use
of
these data in appli-
cations to the water transport model used in Project 13 (Nitrogen Transport —
D.R. Cameron g£_§l,).
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b)
Hydraulic Conductivity and Desorption Water Capacity Relationships
Watershed AG—l
In watershed AG—l,
the difficulties of making measurements in clay
soil made it impossible to make sufficient measurements to characterize
adequately the soil—water properties.
Both the hydraulic conductivity
and the desorption water capacity relationships were similar from site
to site.
The data from the air entry permeameter (AEP) showed greater
apparent variability than data from the crust—top permeameter.
This
probably resulted from soil cracks which would affect the saturated K
considerably more than the unsaturated K.
In 1975 some AEP measurements
were
madeafter the soil was visibly cracked as a result of drying while
in 1976 every effort was
madeto make AEP measurements in the clay soil
before cracks had appeared.
In Fig. 12-11 where sufficient data exist
to allow comparison, the 1976 K(AEP) values show less range of variation -
.1 to 2.6 cm/hr as opposed to .31 to 18 cm/hr for 1975.
For site #4 (Fig. 12-9) there was higher hydraulic
conductivity
measured by both CTP and AEP in 1975 as compared to equivalent measurements
made in 1976 at the soil surface. The only explanation available for
this is the fact that in 1975 Site 4 was cropped to winter wheat and in
1976 it was under corn. Such results of higher hydraulic conductivity
would result from improved structure in the clay soil. There were no
associated observations made to confirm this hypothesis. However, if it
is true this substantiates the observations of farmers of clay soils
that following winter wheat the soil is much more easily cultivated than
following spring grains.
The tendancy to decreased K with depth (Fig. 12—10, and Table 12-
3(b)) was substantiated by analysis of the desorption water capacity
relationships from site #4 and #5. The desorption water capacity relation—
ships for site #4 showed that more of the pore space in the surface soil
is as larger pores and that resulted in the higher saturated hydraulic
conductivity as compared to that measured in the subsoil. At site #5
desorption water capacity relationships were similar and the hydraulic
conductivities of the surface and subsoil were found to be similar at
0.663 cm/hr and 0.563 cm/hr, respectively (Table 12-3(b)).
Watershed AG—l was found to be principally series 176 (Acton §£_§1.
1978) or the Brookston series in Essex County survey. Comparisons of
series 176 descriptions with our own field observations showed that all
our sites were similar to series 176. Thus the lack of difference from
site to site which we havemeasured can be attributed the similar morpho-
logical features as observed by soil survey.
The above discussed data have a number of limitations in use for
characterizing the water storage and transmission properties of Watershed
#1. Those which are obvious are: 1) because measurements of flow in
clay soils are difficult and time consuming too few data were often
obtained; 2) the wetness of the clay soil below the surface except for a
very short period in the latter part of summer meant that few data were
obtained below the surface; 3) the cracking of clay soils and the resultant
bi—modal (in-crack and inter—crack) flow system was virtually impossible
to characterize adequately. The infiltration experiment discussed in
the next section has attempted to overcome some of the limitations of
this third problem.
  
 
 At best, then, the data presented here can be used as estimates or
limits for the hydraulic conductivity. The desorption water capacity
relationship showing a higher degree of consistency can perhaps be used
more directly. The degree to which these soil properties as measured in
Watershed AG-l adequately represent how the soil responds depends on
their use and testing in models such as for Project 13 (D.R. Cameron 95
al.)
(c) The Role of Soil Cracks during Infiltration Experiments
The water content profiles were measured during the infiltration
experiment in order to determine if possible, when water began flowing
in the soil cracks. This discussion will compare different ways of
estimating when water began entering cracks.
From the water content profiles (Figs. 12-14, 12-15, and 12—16) it
is possible to estimate when water was likely to enter the cracks. From
Fig. 12—14(a) where onlythe top 10 cm of soil shows water content
changes, it is possible to estimate whether the water added and the
meaSured water content changes are equal. During the period 1.75 to 3
hrs the added water wouldcause a 0.1 change in water content. However
Fig. 12—14(a) shows only a 0.03 change. Thus it is probable that water
not accounted for within the soil was entering cracks after about 1.75
hrs of infiltration. Referring to Fig. 12—14(b) one can observe that
rapid wetting of the -10 to -30 cm level took place near the cracks
after 1.75 hrs. The data obtained within the cracks as shown in Figs.
12-15(a) and (b) indicated that wetting of the —10 to -30 cm level had
occurred prior to the 2.25 hrs and 2 hrs, respectively. Thus for the
infiltration experiments in the soybean field, the water content profiles
indicated that water beganentering the soil cracks after 1.75 to 2.25
hrs of infiltration or after 1 cm depth of water had been sprinkled on
the soil.
During the experiments the surface of the soil was observed for the
presence of free water. The times of occurrence of free water at the
surface were 1.25, 1.75, and 2.25 hrs. It is worth noting that the ring
showing free water at 1.25 hrs was one in which water was detected
below —30 cm at 1.5 hrs. The transmission lines gave a reliable measure
of when water entered soil cracks.
Having measured hydraulic conductivity as discussed earlier, and by
making assumptions about how the initial infiltration takes place it was
possible to estimate when the applied "rainfall" rate exceeds the infiltra—
bility of the soil. At the beginning of the experiment it was observed
that a l to 2 cm layer of aggregated soil material covered the surface
of much less structured soil. Therefore it was assumed this material
wetted to 85% of saturation and its hydraulic conductivity did not limit
its rate of wetting. From initial measured values of water content and
density it was found that this surface layer absorbed .81 cm of the
ﬁnitial applied "rain". We chose a saturated hydraulic conductivity of
0.12 cm/hr from Fig. 12-11 as the maximum infiltration rate for soil
between the cracks. When the applied rate exceeded this value we concluded
that water would beginentering cracks. The initial .81 cm was added
during the first 1.5 hrs and the rate of addition of water from 1.5 to
1.75 hrs was 0.88 cm/hr which was in excess of 0.12 cm/hr. Therefore
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this procedure has predicted that water should begin to enter cracks
between 1.5 and 1.75 hrs after infiltration started. This is in excellent
agreement with the observations of the soil surface during the experiments
and with the data recorded by the transmission lines method.
Although the transmission line data for site #4 (corn) were not as
consistent it is possible to analyze Fig. 12—16 in a way similar to that
used for Figs. 12—14, 10 and 12-15 and arrive at the time when water
appeared in the cracks. This analysis gave a time of 1.5 to 1.75 hrs.
The observations of the surface soil during experiments gave 1.75 and 2
hrs for two of the rings while the third never showed free water at the
surface. The calculations using the hydraulic conductivity, initial
water contents, and bulk densityyielded 1.75 hrs as the time when the
"rainfall" rate exceeded the infiltrability of the soil in site #4. The
results from the corn plot were more variable but the three types of
observations gave similar estimates of when water began flowing in the
cracks.
For the purposes of quantitative estimates of the amount of rainfall
which enter soil cracks, the use of hydraulic conductivityvalues,
initial water contents, bulk density and assumptions about the initial
infiltration between cracks has the greatest potential. However, the
measurement of hydraulic conductivity is laborious and time consuming.
The method of observing the soil surface during the rainfall is at best
qualitative and its use depends on the condition of the soil surface.
The electrical measurements using transmission lines both in cracks and
away from cracks has potential for quantitative estimates. However, the
causes of problems encountered in the experiments at site #4 (corn) must
be understood and corrected.
RELATIONSHIPS 0F PROJECT RESULTS TO PLUARG OBJECTIVES
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to
pro
vid
e i
npu
t
.
to
the
nex
t a
nd
the
fac
t t
hat
the
ter
min
ati
on
dat
es
of
bot
h p
roj
ect
s
‘
wer
e c
oin
cid
ent
has
mea
nt
tha
t s
ome
of
the
lat
er
ava
ila
ble
inf
orm
ati
on
on
soi
l—w
ate
r p
hen
ome
na
in
wat
ers
hed
AG—
l
hav
eno
t b
een
app
lie
d b
y w
ay
{
of
Pro
jec
t 1
3.
The
res
ult
s o
f m
eas
ure
men
ts
on
wat
ers
hed
AG—
l i
ndi
cat
e
i
tha
t c
rac
ks
are
ind
eed
ver
y i
mpo
rta
nt
to
the
mov
eme
nt
of
wat
er
in
cla
y
i
soi
l.
In
thi
s c
ase
rai
nfa
ll
rat
es
in
exc
ess
of
l m
m/h
r a
fte
r 1
cm
has
‘
fal
len
wil
l
con
tri
but
e
to
flo
w i
n c
rac
ks.
Whe
n
nit
rat
es
occ
ur
at
the
soi
l s
urf
ace
the
se
cou
ld
be
car
rie
d i
nto
the
cra
ck
wit
h t
he
inf
ilt
rat
ing
rai
nfa
ll.
Inf
orm
ati
on
not
ava
ila
be
is
the
sto
rag
e
vol
ume
of
cra
cks
and
the
int
erc
onn
ect
ivi
ty
bet
wee
n
cra
cks
and
/or
wit
h
the
und
er-
dra
ina
ge
net
wor
k.
The
ref
ore
thi
s
stu
dy
was
not
com
ple
te
eno
ugh
to
ans
wer
the
que
sti
on
whe
the
r
thi
s
is
a s
ign
ifi
can
t
sou
rce
of
pol
lut
ant
s
to
the
sur
fac
e w
ate
rs.
Inf
orm
ati
on
fro
m f
iel
d
plo
t
stu
die
s,
(Pr
oje
ct
13)
,
and
oth
er
mea
sur
eme
nts
on
til
e
dra
in
exp
eri
men
ts
(Bo
lto
n g
£_g
l.
197
0,
Bol
ton
and
Her
e
197
6)
sho
uld
be
ass
emb
led
as
a s
ubs
equ
ent
ana
lys
is.
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The questions of "extent of contributions to unit area seasonal
loadings and degree of transmission to boundary waters"are beyond the
scope and objectives of this project but depend on pulling together a
number of other projects that bear on the question.
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APPENDIX
The
hydraulic
conductivity
data
and
desorption
water
capacity
data
have
been
assembled
in
this
appendix
to
provide
direct
access
for
anyone
pursuing
further
studies
such
as
Project
13.
The
Hydraulic
Conductivity
are
preSented
in
Tables
12—1
through
12—4.
Table
12-5
is
the
desorption
water capacity data.
(a) Hydraulic Conductivity
 
The
air—entry
permeameter
results
for
sites
#1,
2,
3
of
Watershed
AG-13
are
presented
in
Tables
12—l(a),
(b),
(c),
respectively.
In
addition
to
hydraulic
conductivity,
these
tables
include
depth
to
the
midpoint
of
each
measurement,
water
contents
both
before
and
after
AEP
measurement,
the
air-entry
value
and
the
number
of
the
soil
core
taken
from within the same soil.
The
data
from
the
piezometer
measurements
are
given
in
Tables
12—
2(a),
(b),
(c)
for
Sites
#1,
2,
3,
respectively.
In
addition
to
a
code
number
for
each
measurement
these
tables
include
depth
of
measurement,
depth
to
water
table,
length
of
piezometer
tip,
direction
of
flow
during
measurement,
the
hydraulic
conductivity.
The
last
two
columns
give
various
ratios
of
hydraulic
cOnductivity
values.
K(r)/K(f)
was
used
to
assess
the
consistency
between
data
obtained
when
water
was
flowing
into
the
piezometer
with
that
obtained
during
outflow
from
the
piezometer.
K(10)/K(2.5)
was
used
to
determine
if
the
hydraulic
conductivity
in
the
horizontal
direction
exceeded
that
in
the
vertical
direction.
The
code
nos.
beginning
with
4
in
Table
12-2(a)
represent
measure—
ments
taken
near
piezometer
nest
H9
of
Project
14.
Those
beginning
with
5 were
taken
near their
pieozmeter nest H10.
The measurements
from
Project
14
at
H9
at
510
cm
depth
gave
a
hydraulic
conductivity
of
23.8
cm/hr while
two measurements
at H10 gave
36 cm/hr
at 300 cm depth and
4.32 cm/hr at 450 cm.
Tables 12-3(a),
(b),
(c) give results of air-entry permeameter
measurements
in watershed
#1.
The
information given
is
similar
to
that
included
in tables
12—1(a),
(b),
(c).
In Tables
12-3
the
(a),
(b),
(c)
refer to
site
4,
5,
6 respectively.
The
unsaturated
hydraulic
conductivity
values
obtained from the
crust-top permeameter
are
presented in Table
12-4.
In column
4 are
the pressure
heads
as measured
by tensiometers
and
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registered on mercury manometers and in column 5 are the corresponding
measured unsaturated hydraulic conductivities.
(b) Desorption water capacity Relationships
The desorption water capacity data obtained on the soil cores are
presented in Tables 12—5(a) through (f). These data are for soils from
the six sites in both Watersheds AG—l3 and AG-l and the tables include
water contents measured by the method of Topp and Zebchuk (1978), plus
pressure plate determinations of the lS-bar water content, and bulk
density of the soil core dried to -500 cm of water. The data have been
grouped by depth. The arithmetic means and standard deviations of each
depth have been calculated and are given in these Tables also.
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Ta
bl
e
12
—1
(a
)
Hy
dr
au
li
c
Co
nd
uc
ti
vi
ty
.
wa
te
r
co
nt
en
ts
,
ai
r
en
tr
y
va
lu
e,
an
d
de
pt
h
fo
r
me
as
ur
em
en
ts
in
wa
te
rs
he
d
#1
3
at
Si
te
#1
.
 
De
pt
h
9
*
*
A.
E.
V.
*
10*
Co
re
No
.
(c
m)
1
f
(c
m
of
wa
te
r)
(c
m/
hr
)
7.
5
.0
86
.2
42
20
.5
14
6
--
-
7.
5
.0
97
.2
29
22
.0
83
.0
--
7.
5
.1
04
.2
97
18
.0
40
.8
--
-
7.
5
.1
16
.2
99
16
.5
34
.7
~-
7.
5
.1
12
.2
33
19
.0
12
.0
--
'
7.
5
.1
14
.2
57
17
.0
8.
9
--
-
7.
5
.1
15
.2
56
5.
5
16
.8
--
7.
5
.1
15
.2
96
--
--
75
.5
--
-
7.
5
.1
21
.2
68
18
.0
23
.0
--
-
7.
5
.1
22
.2
71
15
.0
24
.8
--
7.
5
.1
32
.2
95
27
.5
14
.0
-—
7.
5
.0
76
.2
08
18
.0
13
.3
--
7.
5
.0
70
.2
31
8.
0
27
.8
--
-
7.
5
.0
90
.2
49
4.
0
29
.0
--
-
7.
5
.0
98
.2
13
2.
5
29
.0
--
-
31
.5
.0
85
.1
48
10
.5
5.
30
47
2
35
.5
.0
77
.1
45
11
.0
5.
96
47
3
34
.5
.1
47
.2
21
21
.5
4.
60
--
-
34
.5
.0
72
.2
27
12
.0
62
.0
47
8
33
.5
.0
93
.1
86
--
--
47
.1
--
-
37
.5
.1
01
.2
6]
9.
5
42
.8
46
7
38
. 5
. 0
87
. 2
01
--
--
12
. 9
--
-
39
.5
.0
82
.2
27
20
.5
15
.0
47
7
41
.5
.0
74
.2
32
16
.5
15
.0
47
6
42
.5
.1
14
.2
05
8.
0
18
.0
47
4
42
.5
.0
79
.2
23
11
.0
59
.5
-
-
46
.0
.1
10
.1
98
2.
5
20
.0
47
5
7.
5
.0
9
.2
4
~1
6.
7
29
.0
7.
5
.1
0
.2
4
-1
2.
5
32
.2
7.
5
.1
1
.2
5
-1
6.
7
47
.8
7.
5
.1
0
.2
3
~2
0.
4
16
.9
73
2
7.
5
.1
1
.2
4
-2
0.
4
55
.5
7.
5
.1
0
.2
4
‘
-1
4.
8
18
.4
35
.5
.0
8
.1
8
-6
.5
9.
31
35
.5
.1
0
.2
1
-6
.3
30
.9
73
7
37
.5
.1
1
.2
1
~6
.4
14
.1
73
3
37
.5
.1
0
.2
3
-1
3.
4
31
.0
73
4
38
.5
.0
6
-1
1.
1
15
.7
41
.5
-1
2.
7
27
.8
58
.5
.1
0
.1
9
-3
.8
11
.7
73
5
60
.5
.0
8
.1
8
-1
5.
3
12
.5
52
0
61
.5
~1
1.
1
17
.6
'0
1
=
wa
te
r
co
nt
en
t
by
we
ig
ht
be
fo
re
A.
E.
P.
me
as
ur
an
en
t
0f
:
wa
te
r
co
nt
en
t
by
we
ig
ht
af
te
r
A.
E.
'P
.
me
as
ur
em
en
t
A.
E.
V.
=
Ai
r
En
tr
y
Va
lu
e
K
=
sa
tu
ra
te
d
hy
dr
au
li
c
co
nd
uc
ti
vi
ty
by
A.
E.
P.
  
 Table 12-l(b) Hydraulic Conductivity, water contents, 112' entry vuluee and depth
for Insure-eats in Watershed #13 at Site #2.
Depth 61 6f A.E.V.* K* Core No.
(cm) (can of water) (cm/hr)
7.5 .201 .321 15.0 9.39 ---
7.5 .188 .260 12.0 1.68 405
7.5 .151 .316 20.0 38.7 409
7.5 .145 .302 21.0 20.3 410
5.0 .145 .217 17.5 5.96 444
5.0 .139' .260 15.5 11.2 445
5.0 .151 .275 25.5 4.7 421
5.0 .142 .285 8.5 7.8 422
5.0 .138 .295 33.5 9.35 426
6.5 .147 .240 23.5 8.8 425
5.0 .142 .267 25.0 12.6 440
5.0 .145 .215 28.0 3.78 441
29.0 .112 .244 5.0 15.8 424
30.0 .163 .256 18.0 18.0 442
31.0 .133 .238 20.0 12.9 443
31. 5 . 136 . 261 10. 5 28. 0 406
32.0 .127 .235 11.0 18.7 423
32.0 .168 .215 10.5 7.22 --
32.5 .147 .230 18.5 25.9 411
34.0 .112 .232 18.5 25.1 --
35.5 .134 .238 9.0 35.4 412
36.0 .113 .234 20.0 12.7 446
37 5 .144 .248 9.5 15.0 407
38.0 .157 .241 13.0 11.3 427
64.0 .168 .208 29.5 4.24 —-
69 5 195 .231 29.5 6.06 408
87 0 .120 .235 13.0 7.4 485
89 5 .105 .227 22.0 9.4 484
100.5 .098 222 8.0 8.9 522
102.5 .105 .230 11.0 8.2 ---
7.5 .15 .26 -21.6 9.46
7.5 .13 .25 -10 4 2.76 706
7.5 .16 .24 -34 5 1.22 710
7.5 .14 .24 -30 9 3.04
7.5 .15 24 -17 4 2.50
7.5 .15 .24 -13 3 3.35
7.5 .12 .27 -28 5 3.19
7.5 .16 .26 -21.8 1.95
28.5 .14 .22 - 9.0 13.1 707
28.5 12 .23 ~14.5 19.1
32.5 .14 .16 - 7.9 2.66 711
32.5 .14 .26 -13.6 17.5 727
34.5 15 .18 - 9.3 6.63 713
35.5 14 .23 - 6.6 10.7
35.5 .16 .24 -11.8 5.35
39.5 .15 .25 -19 2 7.38
64.5 .20 .21 -18.9 3.89
64.5 .16 .22 -28.3 5.72
80.5 .21 .21 2.09 709
*61 - water content by weight before A.E.P. lea-urent
9f — water content by weight after A.E.P. Ienaurenent
A.E.V. - air entry value
K - saturated hydraulic conductivity by A8?
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Table 12—2 (a)
Hydraulic Conductlvtty, dapth of laaaura-anta. and dapch
to vatattahla Ln Bantam I 13 at 51:: ll.
Code 2‘
No. (CI)
3.1.1 83
1.1.1. 104
1.2.2. 111
2.1.1. 111
2.1.2 111
3.4.1. 127
3.4.2. 127
3.3.1. 130
2.2.1. 131
1.3.1 145
1.3.2. 145
2 3.1. 145
3.2.1. 147
3.2.1 147
4.1.1. 125
4.1.2 125
4.2.1. 136
4.2.2. 136
4 2 2 136
4.3.1. 145
4.3.1., 145
4.3.2. 145
4.3.2. 145
4.4.2. 156
4.4.2. 156
5.1.1. 124
5.1.1. 124
5.1.2. 124
5.1.2. 124
5.2.1. 131
5.2.1. 131
5.2.2. 131
5.2.2. 131
5.3. . 144
5.3.1. 144
5.3.2. 144
5.3.2. 144
‘2 - dapth of Iaaauxllaut
X - dapth of Inter table
f
-
falling
head.
I
-
tiling
haad
K(t)/R(f)-
ratio
of
conductivitca
for
rtatng
v
(a)
43
44
66
100
100
92
92
101
93
93
89
97
97
110
110
112
112
112
105
105
105
105
$
2
2
:
 
m
m
m
m
lgr)‘ [‘10)*
[(f) K(2.5)
1.27
.524
.107
1.24
1.64
5.71
.627
5.40
1.76
3.43 2.77
12.3
6.31
7 B7 4.07
5.06
48.6
49.2
3.13 3.17
11.0
.932 45.2
3.82
hc - laugh: of piazaaeter tip (vellpolnt)
f or r — direction of flow during Iaaautalcut
aacuratad hydraulic conductivity
I falling hand Iaaauralant
K(10)/K(2.5) - ratio of conductivitiao with lan‘th of pitta-etc! tip 10 ca va
2.5 cm
 Table 12—2(b) Hydraulic conductivity, depth of uncut-ant. and depth to an:
able. watershed 913 at Site #2.
 
.
Code
2*
x*
ht
f or
r*
1*
xmt
am
:
No. (:3) (cl) (CI) (ca/hr) Hf) x (2.5)
4.1.1. 100 70 3 f 0.423
4.1.
2.
100
70
10
f
4.89
11.6
4.1.
2.
100
70
10
r
4.25
.869
6.1
.1.
103
61
2.5
f
.48
4
6.1.
2.
103
61
10
f
4.97
10.3
3.1.1. 104 68 2.5 f 1.90
3.1
.2.
104
68
10
f
3.3
1
1.7
4
5.1.1. 113 68 2.5 f .294
4.2.2. 114 10 f .0723
3.2.1. 118 68 2.5 f 0.415
3.2
.2.
118
68
10
r
1.0
6
1.1.1. 126 92 2.5 f . .189
1.1.
2.
126
92
10
f
1.20
6.35
1.1
.2.
126
92
10
r
1.1
4
.95
0
2.1
.1.
128
99
2.5
f
.27
5
1.1
5
2.1
.1.
128
99
2.5
r
.31
6
1.1
5
2.1
.2.
128
99
10
r
1.0
3
21.
4
3.2
5
2.1
.2.
128
99
10
f
.04
82
.17
5
5.2
.1.
135
88
2.5
f
.06
48
5.2
.2.
135
88
10
f
.14
0
2.1
6
1.2
.2.
135
102
10
f
.20
4
1.2
.2.
135
102
10
r
.66
5
3.2
6
2.2
.1.
136
109
2.5
f
.11
8
2.2
.1.
136
109
2.5
r
.36
9
3.1
3
2.2
.2.
13
6
109
10
f
.02
91
.24
7
4.
3.
1.
14
3
87
2.
5
1'
.1
32
4.3
.2.
14
3
87
10
r
.26
6
2.0
2
2.
3.
1.
14
5
98
2.
5
f
.5
91
2.
3.
1.
14
5
98
2.
5
r
1.
37
2.
32
2.3
.2.
145
98
10
r
.42
1
3.6
6
.36
7
2.3
.2.
14
5
98
10
f
.11
5
.17
5
1.
3.
1.
14
6
99
2.
5
r
1.
22
* Al in Table 12-2 (I)
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Hydr
auli
c c
ondu
ctiv
ity,
dept
h o
f sn
out
-ea
t.
and
dept
h to
nte
rub
le
Unterehed '13 at Site #3.
  
Code
2*
3*
hc"
f or
I."
K‘
[(r)
*
K(10
)*
No. (en) (en) (ct) (en/hr) Kl!) 332.5)
2.1.1. 114 93 2.5 f .129
2.1.1. 114 93 10 f .0431 .334
1.1.2. 133 122 10 t .00751
3.2.2. 136 109 10 r .126 .933
3. 2. 2 136 109 10 f .135
2.3.2. 145 95 10 f .0401
1.3.1. 145 125 2.5 f .00851
1.2.1. 146 101 10 r .604
2.4.
1.
147
82
2.5
r
.664
2.12
'
2.4.1. 147 82 2.5 f .313
2.4.2. 147 82 10 f .201 .642
4.1.1. 148 114 2.5 f .0309
4.1.2. 148 114 10 f .0497 1.61
4.1.2. 148 114 10 r .917 18.5
2.4.1. 150 103 10 r .101
4.2.2. 156 110 10 f .00587
4.2.2. 156 110 10 r .0204 3.48
* Al in Table 12-2 (I)
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10110 11-3 (0) lyduuuc mud”, 00:01 00-10-00, 01mm 001.0 .0 4.05
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00,00 I a; I 0; l 0.1.v.' l 1' core lo.
(a) (n 01 am) (all: )
1.5 .170 .515 55.0 11.5 —
1.5 .195 —- -1.0 7.50 516
5 .10 .55 -15.5 1.15 -—
5 .17 .56 -19.0 0.171 511
5 .17 .55 -10.5 0.006 515
5 .15 .55 516.5 0.000 -—-
5 .15 .51 -15.5 5.15 515
50 .19 .51 -11.5 0.557 590
55 .16 .17 -1.5 0.550 705
60 .15 .15 —- 0.75 516
(h) Etc-u I]. I! 31!: '5.
2.5 .19 .50 -0.0 1.56 -—
1.5 -— — -29.5 1.65 755
5 .27 .51 -15.0 0.101 -—
5 .15 .55 —15.1 0.75 715
5 .11 .55 -5o.o 0.20 ——
5 .16 .51 -19.5 1.91 -
5 .15 .53 -13.0 0.659 717
15.5 . -—- — -10.9 0.151 755
26.5 .19 .10 -11.0 0.570 751
19.0 .17 .20 -17.1 0.151 726
19.5 — — -16.3 0.506 757
51 .25 .50 -55.5 0.505 711
55.5 _ _. -2.5 1.55 750
55 .15 .10 -7.1 1.17 719
56.5 .10 .10 — 0.570 751
57.5 .19 .15 —— 0.65 759
50 .15 .10 -— (MM 730
1.5 .151 .291 0 0.055 557
1.5 .111 .150 o 0.051 550
1.5 .505 .550 0 0.10 559
1.5 .195 .557 55.5 0.01 —
1.5 .155 .550 15.0 0.05 555
5.0 .501 .555 50.5 0.71 550
5.0 .155 .569 10.5 10.5 -—
5.0 .171 .550 11.5 10.5 551
51.5 .150 — 15.0 0.71 —
(c) Inn-bed ll 00 5110 06.
1.5 .156 .501 51.5 0.001 , 555
1.5 .111 .529 17.0 0.57 555
1.5 .155 .190 17.5 0.051 —
1.5 .100 .505 55.5 0.10 556
1.5 .101 .556 51.5 1.10 550
1.5 .150 .555 0 1.59 —-
1.5 , .150 .551 0 0.50 -—
1.5 .106 .511 17.5 0.10 560
1.5 .111 .109 15.0 0.15 —
1.5 .155 .500 17.5 0.676 —
01 - nut 00-0-1 by nun: M010 AD 40101111011011.
0‘ - ‘00: 0001-: Dy night 0100: AI! «tot-1.000100.
LL). - “my V0100
K - hydraulic Maury
  
Site No.
6 Rep. lo.
‘-1
‘-2
4-3
5-1
6-2
5-3
6-5
‘-6
Your ‘
&
Crop
1975
'htlt
1975
Ihent
1975
Chest
1976
earn
1976
corn
1976
corn
1976
corn
1976
1976
corn
Depth
(ca)
5
33
33
Pressure
Bead
(CI of water)
-707
-901
-908
~11.0
-12.0
~12.9
-18.8
-19.9
-7.0
-2.7
-21c3
-6.7
-14.8
-21.8
-28.6
—22.2
-30.2
-‘6.5
-48.6
-80.
table 12-6(a) - Bydreulic conductivity (1) Ielsured
with crust-top per-elneter 1n Watershed No. 1.
(ca/hr)
0.18
0.076
0.043
.030
.063
..0529
.00732
.020
.0182
.0226~
.00978
-.0489
.0115
.00447
.00738
.00124
.0086
.00215
.000521
.00328
.000954
Core No.
668
£69
670
764
763
775
.770
'772
771
  
Site No.
& tep. lo.
5'11
5-2
5-1
5-2
53
6-1
6-2
6-3
t
a
b
l
e
12
-4
(b
)
-
d
e
r
a
u
l
i
c
co
nd
uc
ti
vi
ty
(K
)
ne
as
ut
ed
w
i
t
h
c
r
u
s
t
'
t
o
p
p
e
r
n
e
a
n
e
t
e
r
1
n
W
a
t
e
r
s
h
e
d
No
.
1.
Year
&
Crop
1975
can
1975
corn
19/6
1976
soybeans
1976
soybeans
1975
soybeans
1975
soybeans
1975
soybeans
D
e
p
t
h
?
r
e
s
s
u
r
e
(
c
m
)
H
e
a
d
(en of utter)
-12.9
~25.8
-11.6
-11.8
3 19.8
-14.9
3 15.9
5
—
2
.
8
-11.1
-13.6
-15.2
5
~
1
2
.
2
-13.2
-13.5
-12.0
-12.1
x
(cu/ht)
0.160
0.287
0.011
0.065
0.041
0.025
0.0936
0.0342
0.0516
0.0588
0.184
0.100
0.073
0.0305
0.166
0.59
0.11
0.036
0.028
0.105
0.059
0.022
0.14
0.13
0.019
Core 30.
‘89
£88
525
7h2
745
‘51
661
666
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1 6 1 ‘
1 0 1 '
9 0 1 '
1 6 1 '
0 1 1 '
0 1 1 '
5 0 1 '
9 6 1 '
1 0 1 ‘
0 1 1 '
0 6 1 '
[ 9 1 '
1 9 1 ‘
9 1 1 ’
9 0 1 ‘
1 0 1 '
1 1 1 ‘
0 1 1 '
9 1 1 '
0 1 1 '
1 1 1 ‘
9 1 1 '
1 1 1 '
1 9 1 '
9 1 1 '
0 9 1 '
1 9 1 '
0 1 1 '
1 1 1 '
1 9 1 '
1 1 1 '
9 1 1 '
1 9 1 '
0 1 1 '
0 1 1 '
1 9 1 '
1 1 1 '
1 1 1 '
1 1 1 '
1 9 1 '
1 1 1 '
0 9 1 ‘
6 1 1 '
6 1 1 '
1 1 1 '
0 1 1 '
0 1 1 ‘
1 1 1 '
0 0 1 ' 1 1
9 9 1 ' 1 1
6 1 1 ' 1 1
9 9 1 ' 1 1
1 9 1 ' 1 1
0 1 1 ' 1 1
1 1 1 ‘ 1 1
1 1 1 ' 1 1
1 1 1 ' 1 1
1 1 1 ' 1 1
 
9 9 ' 1
9 1 0 ’
6 1 0 '
9 1 0 '
1 0 1 ’
6 1 0 '
0 1 1 '
1 9 0 '
0 1 1 ’
0 1 9 '
9 9 1 '
0 1 0 '
0 6 1 '
0 1 0 '
0 1 1 '
0 1 0 '
0 1 1 '
C O '
9 9 1 '
9 1 0 '
1 5 1 '
1 1 1 ' 1 - 0
1 1 ' 1
6 9 ' 1
0 1 ' 1
0 9 ' 1
9 9 ' 1
9 1 ' 1
9 1 ' 1
0 1 ' 1
1 9 "
1 9 1 ’
9 1 1 '
1 0 1 '
9 1 1 '
6 1 1 '
1 9 1 ’
1 1 1 '
1 0 1 '
9 1 1 ’
1 9 1 '
1 9 1 '
1 6 1 '
1 1 1 '
5 6 1 ‘
6 9 1 '
6 1 1 '
1 0 1 '
1 1 1 '
1 1 1 '
0 9 1 '
1 1 1 '
9 0 1 '
1 1 1 ’
1 6 1 '
9 0 1 '
1 1 1 '
0 0 1 '
1 0 1 ’
1 6 1 '
9 1 1 ‘
1 0 1 '
0 1 1 '
9 1 1 '
9 1 1 '
9 9 1 '
1 0 1 '
0 1 1 '
0 1 1 '
6 1 1 '
6 1 1 '
9 1 1 '
1 1 1 '
6 5 1 '
1 0 1 '
1 9 1 '
0 1 1 '
9 1 1 '
0 0 1 '
0 1 1 '
1 1 1 '
1 1 1 ‘
0 1 1 '
9 6 1 '
1 1 1 '
1 1 1 '
9 1 1 ‘
0 6 1 '
9 1 1 '
0 1 1 '
5 9 1 '
6 6 1 '
1 1 1 '
1 1 1 '
( 9 1 '
9 6 1 '
1 1 1 ‘
6 1 1 '
6 1 1 ‘
9 9 1 '
1 0 1 '
0 1 1 '
1 1 1 '
0 1 1 '
0 0 ‘ .
1 9 1 '
1 1 1 '
1 0 1 '
6 9 1 '
' 0 ‘ .
9 1 1 '
9 1 1 '
1 6 1 '
1 0 1 '
9 9 1 '
0 9 1 '
9 " .
9 1 1 '
0 1 1 '
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1 5 1 '
1 1 1 '
1 6 1 '
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1 6 1 '
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 Table 12-5(d) Desorption wat
er storage capacity of soil
core. from watershed '1 at Si
te '6
  
Volumetric
vster cont
ents st pr
essure hea
ds of
Core napch 0
-5 -1o -20 4.0
-60 —80 -100
-150 ~225 -300
-500 -15000 Hulk Denai
tv
(cu)
(CI of water)
(an/c. 3)
 
616
669
670
521
52
6
523
763
766
770
775
.511 .698
.692 .686
.680 .673
.665 .635
.633 .626
.617 .602
.237 1.32
.516 .687
.660 .666
.631 .616
.611 .603
.602 .395
.388 .376
.206 1.29
'5‘1 .513
.656 .661
.630 .616
.610 .612
.611 .607
.602 .396
.216 1.19
.697 .681
.675 .673
.666 .663
.659 .656
.651 .637
.632 .621
.212 1.50
.689 .67
5 .665
.656 .
653 .6
50 .66
5 .661
.637
.626
.617
.607
.205
1.67
.538 .52
0 .511
.682 .
671 .6
65 .65
6 .650
.669
.636
.631
.630
.222
1.50
.661 .609
.600 .391
.386 .375
.366 .359
.351 .336
.325 .316
.233 1.36
.589 .52
3 .515
.692 .
676 .6
62 .65
6 .663
.639
.623
.615
.605
.210
1.36
.526 .69
1 .677
.655 .
636 .6
27 .62
1 .615
.608
.395
.387
.379
.191
1.26
.698 .67
0 .656
.666 .
636 .6
31 .62
6 .622
.619
.609
.602
.396
.211
1.36
{
Q
Q
Q
Q
Q
Q
Q
Q
Q
2
.515 .687
.670 .656
.666 .638
.631 .623
.62 .609
.602 .391
.218 1.36
STD. DEV. 0.39
.033 .033 .029 .02
B .030 .030 .028
.029 .030 .031
.030 .013 .10
698 29 .655
.638 .637 .626 .6
23 .619 .616 .612
.610 .602 .397
.386 .262 1.60
706 36 .635
.626 .622 .617. .6
15 .609 .606 .601
.600 .397 .392
.378 .233 1.52
771 36 .650
.616 .602 .389 .38
1 .376 .373 .369
.367 .356 .351
.366 .235 1.67
772 36 .626
.600 .391 .386 .37
8 .376 .371 .369
.368 .359 .355
.351 .235 1.56
703 33 .631
.623 .622 .621 .6
18 .616 .613 .611
.610 .606 .398
.390 .263 1.58
6
1
 
.Hun
25-45
.639 .t.2
0 .us
.407 .
403 .3
99 .39
5 .392
.391
.386
.379
.370
.249
1.55
sm.m:v. .013 .014 .018 .021 .021 .022 .022 .021 .021 .026 -024 -020 -°15 '06
526 67 .621
.606 .603 .600 .39
7 .395 .393 .392
.390 .386 .382
.377 .265 1.66
 
     
Tlhle
12—51
é) De
sorpt
ion w
ater
stora
ge ca
pacit
y of
.011
core-
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Water
shed
'1 at
Site
'5.
Volu
metr
ic w
ater
cont
ents
at p
ress
ure
head
: of
Core
Depth
. 0
—5
'10
-20
-40
—60
—80
-100
-150
-225
-300
-500
-15
(Cl)
(C. o
f wa
ter)
 
447
448
4
4
9
453
450
452
489
488
519
525
51
8
714
717
743
742
745
7
3
9
755
.413
.402
.396
.393
.389
.380
.376
.377
.376
.369
.360
.344
.268
.436
.427
.420
.418
.416
.409
.406
.398
.396
.389
.381
.368
.268
.472
.456
.451
.449
.445
.433
.428
.422
.421
.414
.408
.397
.292
.461
.449
.443
.442
.439
.429
.423
.416
.414
.406
.398
.387
.276
.504
.486
.475
.472
.468
.447
.438
.424
.423
.416
.409
.398
.304
.519
.497
.490
.486
.474
.455
.448
.421
.417
.407
.398
.383
.256
.430
.418
.408
.396
.389
.385
.381
.378
.373
.365
.358
.351
.250
.446
.429
.421
.410
.408
.404
.401
.398
.394
.385
.378
.371
.235
.461
.454
.431
.428
.425
.422
.419
.415
.411
.402
.396
.387
.184
.440
.421
.415
.411
.407
.403
.4
.398
.391
.383
.375
.363
.170
.453
.444
.442
.439
.437
.435
.432
.430
.426
.413
.407
.400
.205
.44
.425
.422
.417
.411
.411
.406
.404
.402
.393
.385
.374
.189
.472
.459
.453
.439
.433
.429
.420
.417
.412
.402
.395
.386
.203
.438
.420
.408
.400
.393
.387
.380
.376
.377
.368
.362
.351
.181
.499
.473
.434
.427
.423
.416
.409
.404
.401
.393
.386
.375
.186
.453
.44
.431
.424
.420
.416
.411
.405
.402
.392
.387
.373
.180
.429
.416
.409
.407
.406
.403
.401
.399
.397
.391
.385
.373
.181
.467
.451
.444
.439
.434
.427
.42
.413
.409
.401
.393
.380
.176
5
9
9
4
9
0
7
5
5
1
9
7
0
0
5
7
3
"
Q
"
'
~
?
Q
€
~
'
§
Q
V
Y
"
.
“
"
1 5
1 4
1
3
1 4
1 3
1 4
1 4
1 4
1 4
1.5
1
5
1 4
1
4
1 5
1
4
1
4
1
5
1
4
7
4
2
E
i
.157
.443
.133
.120
.123
.416
.111
.405
.402
.394
.387
.367
.233
1.1.7
510.0
“.
.028
.026
.025
.025
.025
.021
.020
.016
.016
.015
.016
.016
.046
.05
751
28
.390
.373
.367
.366
.366
.363
.360
.358
.358
.355
.350
.339
.195
1.68
744
26
.380
.370
.367
.365
.364
.361
.357
.355
.354
.348
.343
.330
.188
1.65
726
28
.466
.459
.448
.418
.410
.405
.398
.395
.392
.389
.384
.373
.223
1.48
747
31
.409
.386
.377
.370
.364
.358
.352
.349
.346
.341
.334
.321
.187
1.63
740
36
.388
.370
.362
.357
.351
.348
.340
.338
.336
.330
.325
.314
.196
1.67
729
34
.439
.432
.427
.422
.415
.412
.405
.403
.402
.398
.392
.381
.223
1.51
721
31
.440
.432
.426
.418
.412
.408
.402
.400
.399
.396
.391
.379
.225
1.49
 
11m.
25-45
.416
.403
.396
.388
.303
.379
.373
.371
.370
.365
.360
.340
.221.
1.59
510.02
11.
.032
.037
.036
.029
.028
.020
.027
.027
.027
.020
.020
.029
.001
.08
749
49
.456
.442
.437
.432
.427
.422
.416
.412
.410
.405
.400
.387
.202
1.46
741
49
.334
.313
.308
.305
.299
.291
.28
.271
.261
.246
.237
.219
.120
1.80
730
49
.446
.439
.437
.433
.430
.429
.427
.425
.423
.417
.409
.397
.235
1.53
748
58
.351
.341
.338
.334
.331
.327
.321
.319
.316
.311
.306
.293
.185
1.72
"can
48-60
.397
.384
I.38
.376
.372
.367
.361
.357
.352
.345
.338
.324
.235
1.63
STD. D
EV.
.063
.067
.069
.066
.067
.069
.071
.074
.077
.080
.082
.084
.14
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12-
5(f
)
Des
orp
tio
n
vot
er
sto
rag
e
cnp
acl
ty
of
I01
1
cor
e.
fro
. W
ate
rsh
ed
'1
at
Sit
e
I
Volt
a-at
tic
wat
er
con
ten
ts
at
pre
nur
e h
ead
: o
f
Cor
a
Dep
th
0
‘5
-10
-20
-4O
-60
-80
-10
0
-15
0
-22
5
-30
0
-50
0
-15
000
Bul
k
Dgn
l1v
(cl
)
(cl
of
wat
er)
(gl
/cn
)
  
.461
.446
.441
.440
.438
.430
.424
.426
.424
.419
.412
.401
.305
1.45
.444 .
429
.422
.420
.419
.410
.406
.401
.399
.394
.389
.377
.232
1.46
.480 .46
5 .461
.458 .
456 .4
42 .43
9 .428
.426
.419
.411
.399
.241
1.49
.466 .
445
.439
.441
.439
.426
.413
.405
.404
.398
.393
.381
.231
1.41
.451
.448
.448
.445
.433
.426
.414
.411
.403
.396
.383
.229
1.42
.424 .41
3 .409
.409 .
408 .4
07 .40
6 .407
.406
.400
.394
.383
.308
1.51
.435 .
418
.412
.408
.408
.401
.398
.399
.396
.391
.386
.376
.235
1.48
.425
.415
.407
.408
.407
.403
.395
.401
.400
.395
.388
.375
.226
1.49
454
455
456
458
460
45
1
461
466
nO'
0
a
ﬂ
-
U
G
C
'
C
Q
‘
Man
.us
.100
.429
.420
.109
.413
.410
.408
.402
.396
.w.
.251
1.1.0
STI
LDE
V-
.02
1
.01
9
.02
0
.02
0
.01
9
.01
0
.01
5
.01
2
.01
2
.on
.01
0
.01
0
.03.
.03
Or"
.
ra
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